Pseudomonas fluorescens P1 is a psychrotrophic bacterium isolated from milk. Proteinase P1, the main extracellular heat-stable proteinase fraction of P. fluorescens P1, has been purified to homogeneity. A procedure with a sandwich enzyme-linked immunosorbent assay, using microplates and alkaline phosphatase conjugate was shown to detect 0.25 ng of proteinase P1 in 1 ml of reconstituted skim milk or defatted cream. The method offers the combination of sensitivity and specificity for the detection of these enzymes in milk and dairy products. In reconstituted skim milk cultures proteinase P1 was detectable when the CFU approached 107/ml. Cultures in milk diluted 1:10, 1:30, or 1:100 with water showed detectable proteinase at population densities close to 106 CFU/ml. Aeration stimulated proteinase production; thus, a skim milk culture with shaking at 5°C had a proteinase level of 36,000 ng/ml after 7 days as compared to 80 ng/ml in a stationary culture. The rate of inactivation of proteinase P1 at 150 and 55°C as expressed by residual antigenic activity determined by the enzyme-linked immunosorbent assay was somewhat different from the rate determined on the basis of residual proteolytic activity. The specificity of the enzyme-linked immunosorbent assay with proteinase P1 antibodies was identical for proteinase P1 and for enzymes from six other strains of P. fluorescens, one Chromobacterium strain, and one Flavobacterium strain. Some psychrotrophic strains produced immunologically unrelated proteinase(s). These preliminary observations indicate that proteinase P1-related enzymes are common among psychrotrophs appearing as spoilage bacteria in milk.
Storage of raw milk close to 4°C for 3 days or longer has become a widespread practice in the modern dairy industry. Low-temperature storage of milk and other foods has stimulated research on the metabolic activities of psychrotrophic microorganisms. Thus, a number of recent reviews emphasize the significance of heat-stable, extracellular proteinases and lipases produced by psychrotrophs, mainly Pseudomonas species (5, 6, 13, 19) .
Psychrotrophic organisms are defined in various ways; however, every definition is tied to plate counts after rather long incubation periods, e.g., up to 10 days at 7°C. The practical usefulness of these analyses is consequently limited. There is a strong demand for more rapid methods (6, 13, 19) . The Limulus amoebocyte lysate technique is specific for gram-negative, endotoxin-producing bacteria. This method is a promising alternative for detection of this group of bacteria which is prominent among the psychrotrophic food spoilers (28) . Immunological techniques, agglutination and enzyme-linked immunosorbent assay (ELISA), have also been investigated, namely, for the detection of pseudomonads in milk (M. Aursand, S.-E. Birkeland, T. Langsrud, and T. Sorhaug, 21st Int. Dairy Congr., vol. 1, book 2, p. 277, 1982) . Problems of narrow specificity have barred progress in this direction (unpublished data). On the other hand, the ELISA has, for instance, been used for the detection of staphylococcal enterotoxin A in food products containing high levels of organic compounds, e.g., milk, mayonnaise, and hot dogs (11, 24) . A possible inference would thus be to use the ELISA for specific and sensitive detection of food spoilage enzymes. This investigation was aimed at the detection of heat-stable proteinase(s) from psychrotrophic pseudomonads with the ELISA. * than with IgGsp ( Fig. 1A and B) . This was demonstrated with either crude or purified phosphatase-immunoglobulin conjugates. The somewhat lower values with IgGsp may be in double imaccounted for by the different conditions of elution during ely, for the two purification. However, about 95% of IgGsp was adsorbed xhibited in both and recovered when rechromatographed on proteinaseise P1 preparaPl-Sepharose 4B, which indicated that KCNS was not responsible for the significant losses of immunoreactivity.
Conjugates made with IgGsp contributed to higher ELISA readings than those with IgG ( Fig. 1) . Chromatography of conjugates on Sepharose-6B resulted in lower unspecific reaction and less response to dilution (Fig. 1) . However, to obtain the best possible sensitivity and low unspecific ab-100000 sorbance for all further analysis, coating was done first with
IgG at a concentration of 10 ,ug/ml, and conjugates were 10000 prepared with IgGsp, followed by purification. Conjugate was used at a concentration of 2,ug/ml, calculated on the -J basis of IgG content applied for conjugation (1:720 dilution). 1000 \ It is possible to simplify the procedure by using unpurified conjugate prepared with IgG; the detection limit will then be duced from 14,500 to 135,000 ng (proteinase P1 equivalents)/ml in 10% reconstituted skim milk held at 7°C for 9 days. Proteinases produced by strains AFT21 and AFT7 did not show reactivity with proteinase P1 antibodies. The results with one strain of Chromobacterium sp. and one of Flavobacterium sp. were 9.5 and 8.0 ng (proteinase P1 equivalents)/ml, respectively, which showed that these strains, just like Pseudomonas strains AFT7 and AFT21, produced proteinase(s) that were immunologically unrelated to proteinase P1. Six samples of bulk raw milk randomly selected during winter and six samples selected in spring were incubated further for 5 to 6 days at 5°C; all contained proteinases which were detectable by ELISA with proteinase P1 antibody. The controls were zero-time, frozen samples. No response was obtained when rennin, papain type IV, subtilisin type VII, thermolysin type X, and trypsin type III (all Sigma grade) at a concentration of 1 mg/ml were analyzed by the ELISA.
Free extracellular and bound proteinase. Samples of skim milk, each incubated with one of eight Pseudomonas strains for 5 days at 5°C, contained 2 to 480 ng (proteinase P1 equivalents)/ml. When samples were first centrifuged at 20,000 x g for 30 min at 5°C, the readings of the supernatants were on the average 19.7% lower, ranging from 9 to 28%. This suggests the occurrence of some cell-bound enzyme or partial adsorption of proteinase on macromolecular deposits. Secretion of proteinase P1 under different conditions of cultivation. In regular skim milk inoculated with high (105) or low (103 CFU/ml) numbers of P. fluorescens cells incubated with or without shaking, the proteinase production was below the detection limit (0.25 ng/ml) unless population densities were close to 107 CFU/ml or higher ( Fig. 3 and 4) .
The onset of enzyme secretion came after 2 to 6 days, depending on the specified conditions. Aeration stimulated growth and proteinase production. The same rapid and abundant accumulation of proteinase was recorded for shaken milk cultures of small and large inocula (Fig. 3) .
P. fluorescens P1 grew well in milk diluted up to 100 times with sterile, distilled water. In milk diluted 1:10, 1:30, or 1:100, proteinase was detected at population densities close to 106 CFU/ml (Fig. 4) . Milk at a dilution of 1:1,000 supported growth and enzyme production, but the respective maxima were greatly suppressed compared to those of the other cultures. Heat stability. Proteinase P1 was remarkably resistant to thermal inactivation at pH 6.6 in 0.1 M Tris-malate buffer containing 12 mM CaCl2; thus, at 150°C 90% of the antigenic activity (ELISA) and of the proteolytic activity (agar diffusion method with casein) were lost in 28 and 38 s, respectively (Fig. 5A) . The enzyme was very unstable at 55°C (Fig.  5B) , an observation which compares well with those of two other heat-stable Pseudomonas proteinases (3, 27) . Autodigestion is considered to be the mechanism of inactivation of these enzymes in the 55°C range. The results show differences in the susceptibility of the enzymes to thermal or autolytic loss of antigenic and proteolytic reactivities ( Fig.  SA and B) . It is also apparent that milk components contribute to the stability against high temperature or autodigestion ( Fig. SA and B) . DISCUSSION Analysis of Pseudomonas proteinase(s) with ELISA can be done in 4 to 6 h, and the enzymes which in many cases are the spoilage indices can be specifically detected. The sensitivity, 0.25 ng/ml, for the detection in milk or cream of heat-stable proteinases immunologically related to proteinase P1 is comparable to the detection limit, 0.3 ng/ml, of P. aeruginosa exotoxin A (25) and 0.3 ng/ml reported for human pancreas lipase (14) . It is better than (24) or similar to (11) that for Staphylococcus endotoxins, but it is lower than the 25 pglml limit for aflatoxin B1 (22) .
The addition of 1 ng of heat-stable proteinase per ml to milk before ultra-high-temperature treatment was sufficient to cause a reduction in shelf-life (23) . Prediction of the spoilage would then have been possible with the ELISA technique. The heat-stable proteinase P1 is immunologically identical to proteinases from several other P. fluorescens strains, including the metalloproteinase AFT36 which has been characterized elsewhere (27) . The present results indicate that microorganisms producing heat-stable proteinase P1-like enzymes may be common contaminants in raw milk. However, other proteinases, not related to proteinase P1, are also produced by some Pseudomonas strains, which confirms recent results (16) .
Proteinase spoilage potential in milk may also be detected with general proteinase substrates, provided that the sensitivity is good enough. This alternative has been investigated with the chromogenic substrate HPA (4 (1, 12) .
During growth in 10% reconstituted skim milk, proteinase P1 was detected with the ELISA only when the producer organism had attained a rather high population density. Dilution of the milk, e.g., 1:100, resulted in a remarkably enhanced yield of enzyme per cell (Fig. 4) . This implies that heat-stable proteinases may be effectively produced in milk residues left in poorly rinsed processing equipment. The growth of P. fluorescens and P. aeruginosa has previously been demonstrated even in tap water (18) . However, at extreme dilution of milk, 1:100 to 1:1,000, in this investigation, the proteinase productivity, although detectable, was falling off.
It has been reported that the psychrotrophic P. fluorescens P22 produces proteinase most efficiently during the late logarithmic phase of growth; thus, the enzyme activity was not detectable until the bacterial count exceeded 107 CFU/ml (8) . When good quality milk was mixed with a small quantity of milk spoiled by this organism, proteinase activity could be detected at a population density of 5 x 105 CFU/ml. A similar pattern of proteinase production was found with the present P. fluorescens P1. However, it is important to note that some enzyme production was evident throughout the logarithmic phase of growth ( Fig. 3 and 4) .
Surveys from several countries show that the number of psychrotrophs of refrigerated milk stored in farm tanks is frequently between 1 x 105 to 2.5 x 105 CFU/ml (2, 5, 9, 19, 21, 26) . Populations exceeding 106 to 107 CFU/ml in milk before processing was also occasionally recorded (9, 19) .
With the complex situation between bacterial counts and proteinase level, the exploitation of the methods to detect the proteinase(s) becomes increasingly interesting. The very good sensitivity of the described ELISA combined with exceptional specificity should provide a new tool for meaningful analyses of spoilage conditions. Whenever desirable, a broadening of the specificity may be accomplished with mixtures of defined antibody lines. Increased sensitivity may possibly be achieved with more concentrated conjugate preparations, extended substrate incubation (30) , conjugates from Fab fragments, monoclonal antibodies, and the introduction of fluorescent substrates (15) .
